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SUMMARY 

A low-speed wind-tunnel investigation was made t o  determine the 
longitudinal aerodynamic character is t ics  of a th in   de l t a  wing equipped 
with  various arrangements of double slotted,  single  slotted,  plain, and 
sp l i t   f l aps .  The w i n g  wa8 a flat p la te  w i t h  beveled  leading and trailfng 
edges and  had a maximum thickness  ratio of 0.045, and 60° sweepback of 
the  leading edge. 

The  optimum double-slotted-flap arrangement tes ted   resu l ted   in  an 
increment i n  lift coefficient of 0.96 a t  :Oo angle of a t tack  and an 
increase in the maxiruum l i f t  coeff ic ient  of 0.36. The angle of  a t tack  
required t o  obtain a given l i f t   c o e f f i c i e n t  was coneiderably  reduced 
with  deflection of the double s lo t ted   f laps .  For lift coefficients 
above 0.8, the lift-drag r a t i o  f o r  the wing with double s l o t t e d   f h p s  
deflected was higher  than that of the  plain wing. 

The  maximum increments of lift at  zero  angle of a t tack  f o r  the 
single  slotted,  plain, and s p l i t   f l a p s  were almost  equal (lift coeffi-  
cient-approximately 0.45) and r e l a t ive ly  lox compared with  the Increment 
for  the double s lo t ted  flaps.  The single   s lot ted  f lap produced some 
increment in maxim lift coeff ic ient  (0.24) but the  increment for the 
plain and s p l i t   f l a p  was s m d l .  -Lift-effectiveneas  estimate8 made from 
two-dimensional investigations and plain-flap  theory  agreed  with  the 
experimental l i f t  effectiveness  of  the  spli t  and double s lo t t ed   f l ap  at 
low angles of attack. 

INTRODUCTION 

A t  the  present time, 
delta-wing  plan forms fo r  - 

there i s  considerable  interest in the  use of  
high-speed  airplanes.  This  plan form exhibits 
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desirable aerodynamic character is t ics  .at transo.&c and low-supersonic. 
speeds and possesses  advantageous s t r u c t ~ a l  ch&acterist ics.  A t  low 
speeds  the  longitudinal  stabil i ty problem appears t o  be less severe f o r  
de l ta  wings than  for  conventional sweptback w i n g s i  However, the  del ta  
w f n g  requires an undesirably  high  landing  attitude  to  obtain  high lift 
coefficients.  The problem  of a t ta ining l o w  landing  speeds i s  therefore 
not only one of  increasing  the  maxim lift coefficient  but also, and' 

f'requellrtly t h i s  i s  the.more important consideration, one of decreasing 
the angle of   a t tackrequired to achieve a given l i f t  coefficient.  

Investigations are currently  being made i n   t h e  Langley 300 MPH 7- by 
10-foot tunnel eo determine  the.  effect--of  varf-  trailing-edge  high- 
lift devices an t h in   de l t a  wings i n  an attempt t o  improve the l and ing  
characterist ics.  . An exploratory  inveatlgation (ref. 1) showed the  pract i -  
cab i l i ty  of usfng double s lot ted  f laps  on del ta  wings .  

- 

The present  investigation is an  extension of the  investigation 
reported  in  reference 1 but  encompasses-a more detailed  study  of  the 
e f fec t  of vane and f lap  posi t ion and deflection, as well as the  effect  
of small modifications,  such as fairing the lower wing l ip ,  on the aero- 
dynamic character is t ics  of' a de l ta  w i n g .  Also included  are some studies 
of single slotted,  plain, and sp l i t   f l aps .   Par t icu lar   a t ten t ion  was 
directed  to  the  gain in l i f t  coefficient  that .could be  obtained in   the  
low angle-of-attack range. 

" 

. -  

The resu l t s  of the tests are presented a s  standard VAcA coefficients 
of forces and moments- about the   s t ab i l i t y  &es. Pitching-moment coeffi-  
cients are  given  about  the wing 25-percent-memi-aerodynamic-chord point 
shown in   f i gu re  1. The posit ive  directions of  forces, moments, angles, 
and distances  are shown In figures 2-and 3. 

The coefficients and symbols are  defined as follows: - 
" - 

. .  
" 

CL lift coef f   ident ,  - qs 
L 

CD drag  coefficient, - @ 
D 

pitching-moment coefficient, - Cm SSF 
M 

I 

L lift, l b  
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pitching moment, f't-lb 

free-stream dynamic pressure, lb/eq ft, $ P$ 

wing area, 6.93 sq ft 

w i n g  mean aerodynamic  chord, 2.31 f t ,  c2dy 

w i n g  span, .4.m f t  

free-stream  velocity,  ft/aec 

mass density  of air, slugs/cu ft 

flap deflection measured in  a plane  perpendicular t o  hinge 
l ine,  deg 

vane deflection measured in a plane perpendicular t o  hinge 
line,  deg 

angle  of  attack of  K.tng, deg 

loca l  wing chord, ft 

l oca l  wing thickness, ft 

l a te ra l   d i s tance  from plane of symmetry, measured p a r a l l e l   t o  
Y-axis, f t  

horizontal   distance of f lap lead- edge ( s t a t ion  0, table 11) 
from wing-upper-surface l i p ,  in. 

horizontal  distance of vane lead- edge [station 0, tab le  111) 
f r o m  wingapper-surface l i p ,  in. 

ver t i ca l  distance of flap  leading edge ( s ta t ion  0, tab le  11) 
f r o m  wing-upper-surface l ip,  in. 

vert ical   d is tance of vane leading edge (station 0,  tab le  III) 
f r o m  wing-upper-surface l ip ,  in. 
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MODEL AND APPARATUS a 

The  model w a s  tested in the Langley 300 Mw 7- by 10-foot tunnel by 
u t i l i z ing  a sting-support system ( f i g .  4) and an  electrical   strain-gage 
balance. 

The w i n g  of t he  model  had a 60' apex angle (aspect   ra t io  2.31) and 
a taper  ratFo of 0 ( f ig .  1 and table  I ) .  The model-was made from a flat 
s t ee l   p l a t e  5/8 inch  thick,  with  beveled  leading and t r a i l i n g  edges. The 
thickness  ratio  varied *om 0.01% at the   roo t   to  a maximum of 0.04% 

at 0.67 %. A f l a t   a i r f o i l  was used because of the simple  construction 

involved. A small fuselage was used t o  house the  electrical   strain-gage 
balance  (figs. 1 and 4) and does  not  necessarily  represent a ty-pical 
fuselage. . . -  . .  

D r a w i n g s  of the four flap  configurations used in   t h i s   i nves t iga t ion  
are  preeented i n  figure 3. The slotted  f lap  consisted of a brass  leading 
edge ( tab le  11) at tached  to  a s t e e l  wedge. A vane constructed of s t e e l  
to  the  ordinates  given  in  table I11 was -attached to   t he   s lo t t ed   f l ap   t o  
make the double Blotted  flap. The plain-flap  configuration was obtained 
by deflecting  the  single--slotted  f lap about a point  near i ts  leading edge P 

and f i l l i n g   t h e   f l a p  upper surface  with modeling c lay   to - -a t ta in  a smooth 
curve f r o m  the wing t o   t h e  flap t r a i l i n g  edge ( f ig .  3). The constant 
chord s p l i t   f l a p  used in  this   invest igat ion was made of- 1/8 sheet alumi- 
num w i t h  the same chord as the   f l ap  part of the double s lot ted f lap.  

TESTS 

The tests were made at a dynamic pressure of approximately 25 pounds 
per  square foot, corresponding t o  an airspeed of about 100 miles an hour. 
Reynolds number for this airspeed based on the mean aerodynamic chord 

- 

(2.31 ft), was approximately 2.2 X 10 6 . The corresponding Mach nurriber 
waa 0.13. The t e s t s  were run through an  angle-of-attack range of -20' 
t o  42O. 

Jet-boundary  corrections have been  applied to  the  angles of a t tack 
and the  drag  coefficients. The corrections  obtained from methods similar 
t o  those  outlined i n  reference 2, were as follows: 
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&c = 1.70 CL (deg) 

5 

CCD = o .os7 c L ~  " 

A correction  has  been  applied t o   t h e  angle of a t t a c k   t o  account f o r  
the  def lect ion of  the  support  sting under load. No correction has been 
applied to the data  for  blocking  because it was found t o  be  negligible. 

RESULTS AND DISCUSSION 

Determination  of Opthum DoubleSlotted-Flap Arramgements 

In  order  to'  obtain  an  indication  of  the  vane-flap arrangement 
required  for  the  highest lift increments, the vane- was secured w i t h  
respec t   to   the  wing in   three  different   posi t ione (which were chosen a f t e r  
consideration of  ref. 1 and some unpublished data) .  Force data were 
obtained  with  the  flap  deflected 45' a t  various  horizontal and ve r t i ca l  
positions.  Figure 5 presents  the l i f t ,  drag, and pitching-moment charac- 
t e r i s t i c s   f o r  this ser ies  of t e s t s .  The physical dfmensiona fo r  each 
position, which is nunibered for reference purposea, are also  included in 
th is   f igure .  The l i f t -coef f ic ien t  results are summarized and preaented 
i n   f i g w e  6 as contours of lift coefficient  for  various  'positions  of the 
f l a p  nose. As was found in the   resu l t s  of another  double-slotted-flap 
configuration (ref. l), the double s lo t ted   f lap   wi th  vane positions 1 
and 2 had  good effectiveness , i n  producing lift. With the  f lap  located 
i n  an optimum positfon,  there was l i t t l e   d i f f e r e n c e  in  lift effectiveness 
between  vane positions 1 and 2; however, a8 the  gap between the vane and 
wfng upper l i p  was increased to   pos i t ion  3, the  uft effectiveness was 
reduced considerably (fig. 6 )  . 

For  high  angles  of  attack below the stall, the   de l ta  w i n g  f o r  vane 
positions I and 2 was generally  neutrally  stable  longitudinally,  but with 
the  vane in   pos i t i on  3 .was generally  stable  throughout  the  entire angle- 
of-attack range tested (fig. 5( c) ). 

A t  a given lift coefficient above 0.8, the d rag  coeff ic ients   for   the 
w i n g  w i t h  vane positions 1 and 2 were less than that of the   p la in  wing 
and, with  the vane a t  posit ion 3, w e r e  larger than  that  of the   p la in  wing 
( f ig .  5 )  - 

The ef fec t  of removing the  lower l i p  of the wing, w i t h  the  vane i n  
. posit ion 2, i s  shown Fn figure 5(b). The f lap  posi t ion which had pro- 

duced the  largest  increment i n  l i f t  ehowed a fur ther   increase  in  C L  

coefficient, and an  increase i n  pitching-moment caefficient;  however, 
when the  vane-flap gap was increased,  essentially no aerodynamic changes 
were noted when the  lower wing l i p  was removed. 

- ( l i f t -coef f ic ien t  increment of 0.06 at a = Oo), a decrease in drag 
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Aerodynamic Characteristics  of-Selected 

DoubleSlotted-Flap  ConfigurationS 

. By using  the  data of figures 5 and 6 and of. reference 1 as a guide, 
the.vane was fixed  with  respect t o  the  f lap a t  five  positions and t e s t s  
Were made with  the  vane-flap units a t  various  deflections  about a pivot 
point  near  the nose of the vane ( f i g .  7). The f ive   un i t s  were tested 
with two pivot  conditions:  pivot  p0int.X (0.31 in .  below and 0.28 in .  
behind the wing l i p )  and pivot Y (0.47 in.  below and 0.28 in. behind the 
l i p ) .  Locations of the  f lap and vane at the  various  flap  angles  are 
given i n   t a b l e  IV. Figure 8 presents  the aerodynamic character is t ics  of 
each o f  the  vane-flap units pivoted  through a deflection range witfi--the 
vane in   pos i t ion  X [the:.smaller  wing-lip vane..gap). The data obtained 
by pivoting  each of the vane f l ap   un i t s .  &bout  point Y ( the   l a rger  gap .. 

configuration) are- shown i n  figure 9.  

L i f t  coefficient-.-  Deflection of any of the  vane-flap  units on the 
de l ta  wing resul ted  in   large increments  of lift coefficient throughout 
the  angle-of-attack range (f ig$.  8 and 9) .  The increments were largest  
in  the  angle-of-attack  range between 0' and 10' and became e m l l e r  as 
the s ta l l  angle  of  attack was approached. me  la rges t   1 i f t . coef f ic ien ts  
a t  angles of at tack of Oo and 10' were obtained for  vane-flap unit E 
pivoted  about--point X ( f ig .  10( a )  ) . When the double s lo t ted .   f lap  was 
deflected 5g0, the wing with vane posit ion E had lift coefficients of 0.96 
and 1.38 at angles  opattack of 0' and loo, respectively, and a m a x i m  
lift coefficient of 1.67. This compares to   l iR-coeff ic ient   values  
of 0, 0.46, and 1.40 for   the  plain wirig at  the same angles of a t tack and 
maximum lift condition. However, several  vane-flap  unite, a t  high  deflec- 
t i on  angles, ( f i g s .  8 and 9 )  had some nonlinearity  in  the  l if t-coefficient- .  
curves a t  high lift coeffici.ents. A more nearly  linear lift curve was 
u s u a l l y  obtained a t  lower flap  deflections, however, with less lift incre- 
ment a t  low angles of attack. The maxim lift coeff ic ient-for   the wing 
with  double slotted  flaps  occurred  at  an  angle  of  attack  about 5' l e s s  
than  that  of  the  plain w l n g .  

. .  " 

The angle  of  attack  required t o  obtain a given lift coeff ic ient   for  
the  del ta  wing was considerably  reduced  with  deflection  of  the double 
s lot ted  f laps .  An angle  of  attack of about 21° was required  for  the  plain 
wing to   ob ta in  a lift coefficient of 1.0, whereas an  angle  of  attack of 
o n l y  about 1' was required  to-obtain  the same l i f t  coefficient-for  the 
wing with  vane-flap unit E deflected 59O about  pivot  point X (f ig.  8( e)  ) . 
U s e  of the double s lot ted flap thus  appears t o   o f f e r  a remedy t o  an 
important.problem of  the delta-wiw airplane,  decreasing the angle of 
attack  required  to-achieve a given l i f t  coefficient.  

I n  general,  for a given  flap  deflection,  (figs.  lo(a) and 10(b)) 
higher lift coefficients  resulted. when the  vane-flap  unit was located 

. -  
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nearer to the upper l i p  of the wlng (pivot  point X). The f l a p  lift 
effectiveness was also maintained to higher  deflection  angles  for  the 
configuration where the  vane-flap unit w a ~  pivoted  closer to the w i n g  
upper l ip .   Flap l f f t  effectiveness  also  held to higher  deflection  anglea 
when the lower l i p  of the wing was removed ( f i g  . 10(b ) ) . 

Pitching-moment coefficient.- W i t h  the  vane-flap unit at e i the r  of 
the  pivot  points,  the pitching-moment curves of the wing were longitudi- 
nally stable  a t  low angles of attack  but  generally were unstable a t  the 
higher  angles. of at tack (figs. 8 and 9). The pitching-moment curves  for 
the wing of reference 1 w i t h  double s lot ted  f lap  def lected had a s tab le  
break a t  the stal l .  The only difference between the model configuration 
of  reference 1 and that  of  the  present  investigation was the  vane section; 
it is, therefore,  thought  that the longitudinal  instabil i ty  of the wing 
fo r  some of the  double-slotted-flap  configurations of the present  inves- 
t iga t ion  might be removed by a l te ra t ion   o f  the vane s i ze  and shape. 

Deflection of all the  do*le-slotted-flap  conf'igurations produced a 
diving moment which would result i n  Borne loas of lift coefficient when 
tri- the model with a conventional tai l .  For example, fo r  an air- 
plane w i t h  the  double s lo t ted   f lap  with vane f l ap  .unit E deflected Bo 
about  pivot  point X, .and .with a t a i l  length  of 2F, the  reduction i n  l i f t '  
coefficient to counteract  the pitching-moment coefficient increment 
between the  plain wing and the  deflected  f lap  condition would be  approxi- 
mately 0.16. 

The use of a horizontal tail to trim out the diving moment reaul t ing 
from f lap  def lect ion would be  expected to have a cpnsiderable  effect on 
the  longitudinal  stability  of  delta-wing  airplanes  because of the  large 
variations of downwash d is t r ibu t ion  behind delta d n g s .  No e f f o r t  was 
therefore m a d e  i n  the  present  lnvestigatiop to elim-lnate the  longitudinal 
i n s t ab i l i t y  whenever it occurred, the primary  concern being the  develop- 
ment of  configurations whfch produced high lift coefficients at low angles 
of attack. 

Drag characterist ics.-  Beyond a lift coefficient of approximately 0.8, 
the  drag  coefficient  for  the wing w i t h  flaps  deflected WLW lese  than that 
of the   p la in  wing so t h a t . t h e  lift-drag r a t io s  up to the stall were higher. 
A comparison of results for   the  plain WFng and those  for an optimum f l a p  
condition  with  respect to lift (vane f lap  unit E deflected 59' about 
pivot  point X) in figure 8( e) show an increase in l i f t -d rag   r a t io  from 2.15 
to 3.04 a t  a lift coefficient  of 1.2. 

Effect o f  slot and l i p  modifications. - Figures 9( a )  and l O ( b )  show 
that removing the lower l i p   r e su l t ed  i n  some gain i n  lift coefficient by 
extending  the  usable  flap-deflection  range. Very l i t t l e  change i n  
pitching-moment coeff ic ient  and drag coefficient  occurred w i t h  removal 
of the lower l i p .  No fur ther  change was observed when the slot between 



the wing  and vane was faired  with a wooden block  (such as that-shown  for 
the single s lo t t ed   f l ap   i n   f i g .  3 ) .  The importance of  not  allowing 
upward deflection of  the l i p  is indicated i n   f i g u r e  ll which are da ta  
obtained from an investigation  (ref.  3) of various  spoiler arrangements 
on de l ta  w i n g s  with  double s lot ted  f laps .  Although very l i t t l e  change 
i n   t h e  aerodynamic characterist ics of the  del ta  w f n g  equipped with  the 
double s lo t ted   f lap  was 5bserVed when the upper l i p  was  deflected down- 
ward ,  a considerable loss of lift and an  increase i n  drag and a decrease 
in   s t ab i l i t y   r e su l t ed  when t h e   l i p  was dePlected upward a small amount. 

Aerodynamic Characteristics of Single 

Slotted,  Plain, and Spl i t   Flaps 

Figures 12, 13, and 14 present  the results for  the wing equipped . 
with a single  slotted  f lap,  a plain  flap, and a spli t   f lap,   respectively.  
The maxim l i f t  coefficient and the lift coefficient at angles of a t tack 
of Oo and loo are  plotted against f lap  def lect ion i n  figure 15 for   the 
three  flap  configurations. The s ingle .s lot ted  f lap developed less lift 
throughout the angle-of-attack  range and less drag i n   t h e  l o w  l i f t -  
coefficient range  than  the  double  slotted  flap. Both flap  configura- 
t ions stalled at approximately the same angle of attack  but  the  single 
s lo t ted   f lap  had. a .  stable  break  of  the pitching-moment curve a t  the stall  
compared t o  an unstable  break  for some of the  doubxe-slotted-flap con- . .I - 

figurations.  Generally  there was very l i t t l e   d i f f e rence  between the 
aerodynamic character is t ics  of  the  plain  f lap and sp l i t   f l ap .  

Figure 15 indicates  tha-tin  the  range  of.flap  deflections  tested, 
the  single  slotted  f lap  generally developed higher maximum lift, (incre- 
ment from plain wing, 0.24) and produced it-at-a lower flap  deflection, 
than e i ther   the   p la in   o r   sp l i t   f l aps .  In the lower angle-of-attack 
range, the  single  slotted,   spli t ,  and plain  f laps.  show re la t ive ly  low 
flap  effectiveness  at   high  deflections (lift coefficient of approximately 
0.45 at  0' angle  of  attack) as compared t.0 the double s lot ted  f laps  of 
figure 10. 

Estimated  Flap L i f t  Effectiveness 

Plain-flap  effectiveness aa determined from reference 4 i s  shown by 
the dashed l i ne   i n  figures 10 and 15. The curve  represented in   these  
figures i s  an extension  to 50' of the  plain-flap  effectivenes8 computed 
in   t he  0' t o  loo deflectfon  range. Comparison of  the  estimated  plain- 
flap  effectiveness  with'the data f o r - t h e  double slotted  f lap  suggests 
that the vane of the double s lot ted f l a p  waa essep;tially a bo'iindary-layer- 
control  device which held  the  plain-flap  effectjveness to high deflection 
angles. .. . .  
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The diamond-shaped symbols i n  figures 10 and 15 are  estimates of 
the lift increment at Oo angle  of  attack  for  the  double  slotted ELnd s p l i t  
flaps,  respectively, on the  del ta  w i n g .  These values were obtained  by 
the combined u8e of  re fe reme 4 and s p l i t -  and double-slotted-flap  effec- 
tiveness, c ~ / 6 ~ ,  of  two-dimensional investigations and are i n  good agree- 
ment w i t h  the experimental data. 

c0NcLus10Ns 

A low-speed wind-tunnel investigation of a t h i n   d e l t a  wing equipped 
w i t h  various  trailing-edge  high-lift  devices  indicated the following: 

1. The angle  of  attack  required  to  obtain a given lift coefftcient 
w a s  considerably  reduced  with  deflection of the double s lot ted  f lape.  
A double-slotted-flap  configuration resulted fn an increment in l i f t  
coefficient of  about 0.96 at Oo angle of a t tack  and an increase i n  maxi- 
mum l i f t  coeff ic ient  of 0.36. 

. 2. A t  lift coefficients above 0.8 the l i f t - d r a g   r a t i o   f o r   t h e  wing 
with  double  slotted  flaps  deflected was higher than that of the   p la in  
dng- 

3 .  The maxiruum increments of lift at  an angle of  at tack of 0' f o r  a 
single  slotted,  plain, and a s p l i t   f l a p  w e r e  almostequal  ( l i f t   c o e f f i -  
cient  approximately 0.45) and re la t ive ly  low compared t o   t h e  increment 
f o r  the double s lo t ted   f lap .  

4. Lift-effectiveness  estfmatee made from two-dimensional investiga- 
t ions and plain-flap  theory,  -agreed  wfth  the  experimental lift effective- 
ness  of  the  spli t  and double s lo t ted  flaps a t  low angles of attack. 

Langley Aeronautical  Laboratory, 
National  Advisory Committee f o r  Aeronautics, 

LaqQey  Field, Va.  
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TABLE I 

PHYSICAL CHARACTERISTICS OF TBE TEST MODEL 

11 

wing: 
span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.00 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  2.31 

Thickness of f lat   plate (($) . 0.045). Fn . . . . . . . . .  5 P  
max 

Sweep.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.00 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  6.93 
Mean aerodynamic  chord. ft . . . . . . . . . . . . . . . . . .  2.31 
Leading-edge  angle.  deg . . . . . . . . . . . . . . . . . . .  6.8 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Vane : . " 

span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.70 
Chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.13 
Chord. percent w i n g  root chord . . . . . . . . . . . . . . . .  3.'6' . 
Chord. percent flap chord . . . . . . . . . . . . . . . . . .  27.3. 

Flap: 
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.70 
Chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.46 
Chord. percent wing root  chord . . . . . . . . . . . . . . . .  13.2 .. 
Area. sq f't . . . . . . . . . . . . . . . . . . . . . . . . .  1.22 .. 
Area. percent w i n g  area . . . . . . . . . . . . . . . . . . .  17.6 
Trailing-edge angle. deg . . . . . . . . . . . . . . . . . . .  8.0 . 
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TABLE .I1 

Stat ion Lower surface Upper surf ace 

0 

-.27 .a .2 
- -25 .01 .1 
-0.15 -0.15 

- .31 30 .a 
- -30 25 .6 
"29 .18 .4 

1.1 9 31 -.31 - 
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k Stat ion 

.125 - 175 

.225 
* 275 
325 

.400 
9 500 .a0 
.700 
.800 
.goo 
1.000 
1.100 
1.200 
1.300 
1.400 
1.500 

L o w e r  aurface .Upper aUrf ace 

0 
.051 

.130 

.loo 

153 - 175 . 190 - m5 
.219 
.221 
.215 
205 
.180 - 153 - 115 
. o n  
.025 

- .032 
-.@3 
- 0  153 - 
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TABLE IY 

vane-flap 
8f unit figure in. . in. in. in. 

XfJ. Data 4J X V J  ' f J  

Pivot point X 

- 
A 

B 

C 

D 

E 

I 

'ivot poi 

0.56 - 74 
.82 
.90 
-97 

.74 .82 
* 90 
.97 

-96 
1.04 
1.m 

t Y  . 

u o  
16O 
210 

.06 .48 

.06 .47 
-06 .46 
.06 - 45 

.44 
.06 .44 

.Q6 
.42 
.40 

.a6 36 
T 
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Figure 1.- General arrangement of the 60° delta-wing model. All dimensions 
are i n  inches. 
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.t 

NACA RM L22J2Y 

Figure 2.- System of stab;l.Uky-axes ... Positive values of forces, moments, 
angles, and distances are indicated by arrows. 

. 

.. . r  
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I." I 

Note: The values of x measured from the  wing 
upper l i p  are posi t ive in t he  upstream direction and 
the  values of  z measured from t he  wing upper lip 
are posit ive i n  a direction toward the  lower wing 
surface (similar t o  the posit ive  directions f o r  the  
s t a b i l i t y  axes, f i g .  2) .  

FfWe 3 .- Double s lot ted,  sfngle s lot ted,  plain, and s p l i t  flaps 
on the  60° de l t a  wing. 

tes ted 



. . .  . . . . . . . . . - 

m .  

Figure 4.- The 60° delta w l n g  munted i n  the Langley 300 MPH 7- by 
IO-foot tunnel. 
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(a) Vane posi t ion 1: xv = 0.0 inch; zv = 0.26 inch; 6, = Oo. 

Figure 3 . -  The aerodynamic chjsracterfstics of the t e s t  model with a 
double s lo t t ed  flap deflected 45'. 



c 



21 

(b) Vane posltion 2: + = 0.23 inch; zv = 0.40 fnch; 6, = ~ 2 . 5 ~ .  

Figure 5.- Continued. 
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,( c ) Concluded . 
Figure 5. - Concluded.- . 
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Figure 6 . -  Contours  of lift coeff ic ients  for   var ious f lap  nose posi t ions 
for cL a t  a = oO, CL a t  a = loo, and c . 6f = 45'. 

%lax 
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(a) Vane-flap unit pivoted  about point X. 

Figure 7.- Sectional view of the five vane-flap unfts tes ted 
on the model. 
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(b)  Vane-flap unit pivoted about pofnt Y. 

Figure 7.- Concluded. 
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Sf 
A 49'00' 
0 53035' 
U SP35' ' 

0 64°05r 
n 69'00' 
P Phfn wing 

(a) Vane-flap  unit A. 

Figure 8.- The aerodynamic' characteristics of the test model w i t h  the 
vane-f lap  unit  pivoted about  point X. 
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(b) Vane-flap unit B. 

Figure 8. - Continued. 
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-4 .2 0 .2 4 ’’. .6 -8 A0 1.2 /.4 1.6 18 
GL 

. .. 

(a) Concluded. 

Figure 8. - Continued. 
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-4 72 0 .2 .4 .6 .8 LO /.2 /.4 L 6  /.8 
c, 

( c )  Concluded. 

Figure 8.- Continued. - 
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0 63*PO' 
0 59005' 

v Pfdn  vhg 

(d) Vane-flap unit D. 

Figure 8.- Continued.. 

. ." 
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(d) Concluded. 

Figure 8. - Continued. 



36 NACA RM I52529 

( e )  Vane-flap unit E. 

Figure 8. - Continued. 
. 
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( a) V a n e - f  Lap unit  A .  

Figure 9.- The aerodynamic characterist ics o f  t h e   t e s t  model with 
vane-flap unit pivoted  about  point Y. 

the  
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- 
-4 -2 0 2 4 .6 -8 LO 12 /.4 1.6 1.8 

(a) Concluded. 

Figure 9. - Continued. 

39 



-.4 -.2 0 2 4 .6 .8 A0 /.2 14 16 18 
CL 

(b) Vane-flap unit B. 

. 

Figure 9.- Continued. 
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(b ) Concluded. 

Figure 9. - Continued. 
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./ 

- .4 

( c >  Vane-flap u n i t  C. 

Figure 9.- Continued. 

. .  . -  . . .  . . 
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( a )  Vane-flap unit D. 

Figure 9.- Continued. 
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( d) Concluded. 

Figure 9.- Continued. 
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Q0 

-9 -2 0 .2 4 .6 .8 /.O /.2 16 / ,  
Cf 

(e) Vane-flap u n l t  E. 

Figure 9.- Continued. 
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Figure 9. - Concluded. 
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wlth deflection. o f  t he  double s lo t t ed  flap. 
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(b) Pivot polnt Y. 

mgure 10. - concluded. 
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Figure ll.- Effect  of-deflecting  the  lip on the model with  vane-flap 
unit E at pivot poin t  X with 6f = ' jg%O'. 
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Figure 12.- The aerodynamic  characteristics of the t e s t  mdeI equipped 
with a single s l o t t e d  flap. 

2 



X f  zr Bf 

0 .05 .f/ 54" 00' 

0 .09 27 39"Od 
0 .IO 2 9  34"OO' 
0 .lo .30 28O45' 

(inches) finchesl 
.04 ./9 59"45' 

A 06 23 48O55' 
o .08 25 43"40' 

v Pluh wing 

Figure 12. - Concluded. 
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Figure 13. , -  The aerodynamic characteristics of the test model equipped 
with a p l a i n  flap. 
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Figure 13. - Concluded. 
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Figure 14 

0 39"20' 
0 49"25' 
0 6OOOO' 
v Plain wihg 
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CL 

..- The aerodynamic chwacter i s t ics  of t h e   t e s t  mdel equipped 
with a s p l i t  flap. - 
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Figure 14. - Concluded . 
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Figure 15.- The variat ion o f  CL at a = Oo, CL at a = loo, and C L.max 
with deflection of the single s h t t e d ,  plain,  and ep l i t   f l aps .  
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